Introduction
In his review article published in Science (March, 2000) , Francis Collins, the head of National Human Genome Research Institute (NHGRI), said that although it took 4 years to obtain the first billion out of 3 billion bases in the human genome, it took only 4 months to obtain the second billion. 1 At that time, because 10% of the genome was being added to GenBank each month, 2 by early 2001 the human genome was almost completed owing to sufficient technology, which increased its rapid sequencing. The Human Genome Project (HGP) is presently moving quickly to the post-genome era, which will stimulate investigations of single nucleotide polymorphism (SNP), mutation analysis and proteome analysis. 3 This will lead to gene therapy and DNA diagnosis of human diseases, which will result in a new class of drugs. 4 This significant progress is partly due to a huge leap in electrophoresis technology.
Capillary electrophoresis has facilitated applications of these technologies to the analysis of DNA with high efficiency, high resolution and a short analysis time. In the post-genome era, the further development of analytical technology is highly required for high-throughput screening of disease-causing genes and the high-speed analysis of genetic polymorphisms. Microchip capillary electrophoresis holds great promise for this biocentury owing to its highthroughput DNA analysis. Significant innovations are expected due to widespread applications of micromachining to chemistry and biotechnology. 5 In the present work, analyses of two DNA polymorphisms on human Y-chromosome, SY 594 and 12f2, were carried out using an Agilent 2100 Bioanalyzer, in order to examine the minimum base-pair difference that can be separated. More further, we examined the maximum number of polymorphisms that could be separated. Ten DNA markers located on the human Y-chromosome were successfully separated.
Experimental
Michrochip electrophoresis system: Agilent Bioanalyzer (Agilent Technologies, Waldbronn, Germany), which has epifluorescent detection with a semi conductor laser that emits at 630 nm.
The chips: Consist of 12 sample wells with 3 gel-dye mix wells and one for the external marker. It was made of soda lime glass, depth of 10 µm, the width of 50 µm and effective separation length of 15 mm.
Assay kits: DNA 500 and DNA 7500 assay kits from Agilent technologies Including the dye, gel matrix, DNA marker, and DNA ladder solution.
Human Y-chromosome DNAs: Obtained from Prof. Nakahori Lab., School of Medicine, The University of Tokushima. They have been prepared according to the methods described in literature. 6, 7 
Results and Discussion
In previous work, we studied the accuracy and reproducibility of an Agilent 2100 Bioanalyzer on some polymorphisms located on the human Y-chromosome. 3 Indeed, the human Ychromosome has unique characteristics in genetics because it is For the requirement of a high, fast and sufficient technology to suit the needs of 21st century biotechnology, the separation range of a microchip electrophoresis system was studied. Two DNA fragments on the human Y-chromosome, SY594 (82 bp) and 12f2 (88 bp), were successfully separated with a reproducibility of 1.9% and an accuracy of 2.8%. Then, a mixture of 10 DNA markers ranging from 61 bp to 189 bp was successfully separated with high resolution. All of these results demonstrate the superiority of microchip electrophoresis as a tool for 21st century bioseparation.
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a single haploid unit in the human genome that is passed from father to son. We thus chose several markers located on this chromosome to study (Table 1) , which are related to spermatogenic failure. In this study, in order to examine the minimum base-pair size difference that the Agilent 2100 Bioanalyzer can separate, two DNA polymorphisms, SY594 (82 bp) and 12f2 (88 bp), from the human Y-chromosome were analyzed. By using the DNA 500 Assay Kit, Agilent 2100 Bioanalyzer showed sufficient ability to separate these two polymorphisms (Fig. 1) . The separation was repeated 30 times on 3 chips. The reproducibility (RSD%) was less than 1.9%, while the accuracy (RE%) was 2.8%. In order to confirm these results, another range of sizes (60 -70 bp) was chosen to study. Two markers one the human Ychromosome, SY638 (64 bp) and SY592 (69 bp), were successfully separated (Fig. 2) . Narrower two size difference between two DNA fragments, SY 603 (84 bp) and 12f2 (88 bp), examined using the Bioanalyzer, they could not be separated, because they showed one overlap peak (data not shown). From this result we can say that the minimum size different that can be separated by the Agilent 2100 Bioanalyzer is 6 bp difference. This separation is reproducible with high resolution. In order to examine the maximum DNA fragments that a microchip electrophoresis system can separate, a mixture of ten DNA markers on the human Y-chromosome related to spermatogenic failure were analyzed. These ten markers were successfully separated within 80 s (Fig. 3) . As shown in Table 1 , the reproducibility (RSD%) for the ten markers was less than 1.2%, while the accuracy (RE%) was less than 3.6%, (n = 30). Taking all of these data together, we can conclude that microchip electrophoresis shows its superiority in the analysis of genome polymorphisms, with a minimum base pair difference of 6 bp, and a maximum polymorphism number, of 10 DNA markers, ranging from 61 bp to 189 bp, with the advantages of high resolution, high speed, good reproducibility and accuracy. All of these advantages put microchip electrophoresis among the tops of the 21st century bioseparation technologies. 
